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Abstract:
Rabies is an ancient disease, known worldwide for a thousand years. Nowadays, vast areas of Western 
and Central Europe have been freed from rabies. To mark the expectation that Croatia will be offi-
cially declared free of classical terrestrial rabies by 2020, this paper was written to present a historical 
overview of the epidemiological characteristics of rabies in Croatia, based on literature data. Rabies in 
humans and animals was described in the 19th century on the Croatian territory as a significant public 
health problem. It caused considerable human and animal death. One of the oldest report of rabies in 
Croatia is dated in 1783, when two people from the city of Šibenik were bitten by a rabid cat and a 
rabid dog. Epidemics of rabies that were spread by packs of stray dogs prompted the state authorities 
in the second half of the 19th century to control the movements of these dogs. The first announce-
ment of taxes on dogs in Croatia was recorded in 1857. However, it was introduced as early as January 
1st, 1867. The first campaign of preventive dog vaccination by a phenol vaccine prepared from virus 
fixé, was performed in 1933. Dog vaccination and strict control measures resulted in the reduction 
of dog-mediated rabies cases to zero in the whole of Croatia in 1967. Ten years later, the first cases 
of sylvatic rabies in Croatia were detected in three foxes. By the end of 1986 rabies was found in the 
whole territory of Croatia apart from Dubrovnik and the islands. Introduction of oral vaccination of 
foxes throughout the whole Croatian territory in 2011, resulted in the rapid decrease of rabies cases in 
animals to zero in 2014. Recent studies have been focused on rabies in bats. Neutralizing antibodies 
against the European bat lyssavirus-1 were detected in bats which proves that the bat population in 
Croatia was in contact with the virus.
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Sažetak:
Bjesnoća je od davnina poznata i proširena diljem svijeta. U novije doba zemlje zapadne i središnje 
Europe slobodne su od bjesnoće. Očekuje se da će 2020. godine i Hrvatska biti proglašena slobodnom 
od klasične (zemaljske) bjesnoće pa je taj događaj bio poticaj za pisanje ovog preglednog članka, koji 
je napisan sa svrhom da se pruži opširan prikaz zapisa, znanstvenih i stručnih članaka objavljenih o 
bjesnoći u Hrvatskoj. Bjesnoća je u 19. stoljeću predstavljala značajan javnozdravstveni problem. Bila 
je čest uzrok neizbježne smrti čovjeka i uginuća životinja. Jedan od najstarijih opisa bjesnoće u ljudi 
ugriženih od bijesnog psa i bijesne mačke na području grada Šibenika objavljen je 1783. Epizootije 
bjesnoće među psima lutalicama prinudile su državne vlasti u drugoj polovici 19. stoljeća da donesu 
kontrolne mjere o kretanju takvih pasa. Godine 1857. najavljeno je uvođenje poreza na pse. Uz 
odredbe o nošenju pasjih markica taj je porez uveden tek 1867. Prvo opširno cijepljenje pasa fenolnim 
cjepivom pripravljenim od “virusa fixe” provedeno je 1933. godine. Cijepljenje i stroge kontrolne 
mjere dovele su postupno da smanjenja broja bijesnih pasa i do iskorjenjivanja urbane bjesnoće 1967. 
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Introduction
Rabies (lyssa, hydrophobia) is a fatal viral zoonosis caused by 
viruses belonging to the genus Lyssavirus, family Rhabdoviridae 
infecting all warm-blooded mammals. The disease is a major 
public health threat. More than 99% of human rabies cases 
occur in developing countries. The World Health Organization 
(WHO) reported that around 59,000 human deaths occur an-
nually around the world due to dog-transmitted rabies. Human 
cases are prevented by prompt administration of post-exposure 
prophylaxes. However, control and elimination of rabies world-
wide is only feasible by vaccination of reservoir populations, 
dogs and foxes. A country can be declared free of dog rabies if 
indigenously acquired dog-mediated rabies cases have not been 
confirmed in humans, dogs or any other animal species for at 
least 2 years.1
WHO, the Food and Agriculture Organization of the United 
Nations (FAO), and the World Organization for Animal Health 
(OIE) launched a new United Against Rabies Forum, aimed at 
accelerating worldwide progress towards the elimination of hu-
man deaths from dog-mediated rabies by 2030. It is emphasized 
that rabies is still killing one person every nine minutes, and 
almost half of them are children.2
Three facts prompted us to present this short historical perspec-
tive of rabies in Croatia. (1) The European Union (EU) an-
nounced major vaccination programmes for rabies eradication in 
wildlife. The goal was to eliminate wildlife rabies from the EU 
by 2020. It was emphasized that a major effort is still needed, 
particularly in areas close to the eastern borders of the EU. All 
Member States have applied rabies surveillance systems, oral 
rabies vaccination of foxes (ORV) by aerial bait distribution, 
monitoring of bait distribution, and fox population immunity. 
The reduction of reported wildlife rabies cases is the most impor-
tant proof that rabies elimination from Europe is progressing.3 
(2) The Institute Pasteur (along with its local Department in 
Velika Gorica) was set up in Croatia in Zagreb 102 years ago, i.e. 
in 1918, after the collapse of the Austro-Hungarian Empire. As 
in other countries, its role is to administer vaccines for rabies and 
antirabies protection. Before its establishment, all people exposed 
to rabies virus had to travel to Budapest or Vienna for post-expo-
sure treatment (PET) rabies prophylaxis. The first post-exposure 
godine. Deset godina kasnije u Hrvatskoj su se u lisica pojavili prvi slučajevi silvatične bjesnoće. Do 
1986. silvatična bjesnoća zahvatila je sve krajeve Hrvatske osim dubrovačkog područja i otoka. Sus-
tavno oralno cijepljenje lisica protiv bjesnoće započelo je 2011. godine, a posljednji slučaj bjesnoće u 
lisica zabilježen je 2014. godine. Nova istraživanja usredotočena su na bjesnoću u šišmiša, a publikacija 
iz 2018. godine iznosi da su neutralizacijska protutijela dokazana u šišmiša iz hrvatskih špilja. 
Ključne riječi: bjesnoća, Hrvatska, životinje, povijest 
treatment of a patient bitten by a rabid dog in Croatia took place 
in Zagreb on 26th of December 1918.4,5,6 (3) The last positive 
animal case of rabies in Croatia was recorded in a fox in February 
2014, however, a comprehensive description of the efforts taken 
to eliminate rabies in Croatia by oral rabies vaccination of foxes 
was published in 2018, a 100 years after the first PET in Croa-
tia.7 Moreover, it was announced that the next step for Croatia is 
obtaining the official status of a rabies-free country.8
Lyssaviruses
Currently, 17 species are assigned to the genus Lyssavirus. Lys-
saviruses are distributed worldwide, except in Antarctica and 
some isolated islands.9 The classical rabies virus (RABV) is the 
archeotype of the genus Lyssavirus. Bats (order Chiroptera) have 
been recognized as the principal reservoir hosts for 15 species of 
lyssaviruses. Among them, the Mokola and Ikoma lyssaviruses 
have not been reported in bats.1 Mokola has often been isolated 
from rodent species, however Ikoma has only been isolated 
from a rabid African civet (Civettictis civetta).10 Bat transmitted 
human rabies is rare but not negligible. However, in countries 
where terrestrial rabies has been eliminated, bat rabies remains a 
constant threat, as shown by human cases of bat rabies in North 
America.11
All lyssaviruses cause acute progressive encephalitis in mam-
mals, being transmitted by infected saliva directly through bites, 
scratches or mucous membranes. As a neurotropic pathogen, 
delivered into a wound by a bite or wound contamination, the 
lyssavirus can replicate at the inoculation site in skeletal muscle 
cells.12 After reaching the motor or sensory neurons, the virus 
propagates up to the central nervous system (CNS) via neuronal 
connections and retrograde axonal transport. From the CNS, 
the virus disseminates rapidly. Soon all regions of the CNS may 
be affected. The asymptomatic incubation period varies (two 
months on average), however the symptomatic clinical period is 
rapid and severe (about one week).13
Canine rabies
In the past centuries, rabies occurred predominantly in dogs. 
Canine rabies is still widespread, occurring in over 100 countries 
and territories, predominantly in the developing world. More 
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than 95% of human rabies cases are transmitted by dogs. There-
fore the control and elimination of rabies in dogs is essential for 
the prevention of rabies in human beings. Dog-mediated rabies 
has been eliminated in North America, western and central 
Europe, Canada, Japan, and parts of Asia and South America. 
Turkey is the only country in Europe where urban dog-mediated 
rabies persists.
Effective intersectoral cooperation within a “one health” ap-
proach, including animal and public health and mass parenteral 
canine vaccination, are the key to dog-mediated rabies control.1 
Annual canine vaccination coverage of at least 70% is considered 
sufficient to maintain the required level of herd immunity in 
the susceptible population, and to ensure control and eventual 
elimination of rabies.14
Wildlife reservoirs of rabies
Species of the orders Carnivora and Chiroptera are recognized 
as wildlife reservoirs of rabies. The epizootic of rabies that broke 
out in eastern Europe in 1939 was maintained by red fox (Vulpes 
vulpes) and racoon dogs (Nyctereutes procyonoides). This sylvatic 
rabies epizootic spread from Poland to Germany in 1940 and 
further to France in 1968 and Italy in 1980. It spread to the 
South at approximately 25-60 km per year.15 This wave reached 
Hungary in 1972 and Croatia in 1977.16,17 To control sylvatic 
rabies, oral rabies vaccination (ORV) of foxes with bait delivery 
systems proved to be a successful tool, and a prime example of 
a new strategy to eliminate disease from wildlife reservoirs. 18,19 
The first ORV field trial was conducted in Switzerland20 and 
was followed by other European countries. It led to the elimina-
tion of fox-mediated rabies from northern, western and central 
European countries.1 Once brought under control, additional 
campaigns are needed to eliminate rabies, and vaccination should 
be maintained for a period to ensure freedom from the disease.19 
Thanks to oral rabies vaccination programmes over the past three 
decades, Western and Central European countries have been 
freed from rabies, and the disease is expected to be eliminated 
from animal sources in the near future.21 
In the African continent, the domestic dog is the primary host. 
However, some rare African canids, such as the Ethiopian wolf 
(C. simensis) and African wild dogs (Lycaon pictus) are suspected 
of transmission of the rabies virus. In Southern Africa, jackals 
(Canis adustus and C. mesomelas) transmit the virus. Bat-eared 
foxes (Otocyon megalotis) and the mongoose (Herpestidae) are also 
sustained sources of rabies virus in Africa. In Namibia, the kudu 
(Tragelaphus strepsiceros) is suspected of direct oral transmission.1
The red fox (V. vulpes) is a primary source of the virus in conti-
nental Asia. In Russia, northern China and Korea, raccoon dogs 
(Nyctereutes procyonoides), and in Southern China and Taiwan 
ferret badgers (Melogale moschata) are reservoirs of the rabies 
virus. The red fox (V. vulpes) has been shown to sustain rabies in 
Israel, the West Bank, the Gaza Strip. In the Islamic Republic 
of Iran, Oman, Saudi Arabia and Yemen, the red fox (V. vulpes) 
and the golden jackal (C. aureus) are reported to be hosts of the 
rabies virus. In other countries in the Middle East and Asia, the 
red fox (V. vulpes), in North America the red fox (V. vulpes), the 
grey fox (Urocyon cinereoargenteus) and coyote (Canis latrans), 
on the Eastern Canadian border and the USA the primary host 
is the raccoon (Procyon lotor). In polar regions, the Arctic fox 
(V. lagopus) is the primary host, in California the striped skunk 
(Mephitis mephitis), in Mexico the skunk (Spilogale spp.) and 
coati (Nasua nasua), in South America the marmoset (Callithrix 
jacchus), the crab-eating fox (Cerdocyon thous), Kinkajou (Potus 
flavus) and coati (Nasua nasua). Finally, on Caribbean islands, 
including Cuba, the Dominican Republic, Grenada, Haiti and 
Puerto Rico, the Indian mongoose (Herpestes auropunctatus) is 
the primary host.1
Dog-mediated rabies
The most detailed historical data and analyses of rabies in Croa-
tia, recorded in books, brochures, circulars, regulations, and the 
press from the 18th and 19th centuries, with particular reference 
to their notions of the etiology, diagnosis, prevention, and treat-
ment of rabies, have been published by Karlović and Sudnik. 
When comparing their data with contemporary knowledge 
about rabies, we find a great many false beliefs described. Most 
of them actually give the opinions existing at that time in the 
neighbouring countries.22
According to Karlović et al.23, the oldest description of rabies, 
in two people from the city of Šibenik, bitten by a rabid cat 
and a rabid dog, was reported in 1783.24 Rabies in humans and 
animals in Croatia within the Austro-Hungarian Empire was 
often described in the 19th century as a significant public health 
problem. In the middle of the 19th century, several doctoral the-
ses on human rabies were published.23 Karlović et al. also wrote 
about the first report of rabies cases in dogs in 1822. In addition 
to the clinical picture, measures for control and reduction of the 
number of rabid animals (killing and burying killed and dead 
dogs) were also recorded.25 In a document printed in the city of 
Osijek in 1823, which is actually a pronouncement describing 
the signs of dog rabies and the rules for handling the carcass of a 
rabid animal, a drawing of a dog with paralytic rabies is given.6 
As reported by Karlović et al.23 and Mutinelli et al.6, in 1837 
the teacher, inventor and medical practitioner, Josip Lalić, was 
given official permission by the military authorities in Vienna 
to administer a cure for rabies. He considered that saliva was 
responsible for the transmission of ‘the toxin’.26,27 In his doctoral 
thesis, Čač (2003)28 recorded that, in an early report in 1872, it 
was stated that dirty water, food shortages, summer heat or bitter 
cold, fear, excitement and sexual dissatisfaction are causative 
agents of rabies.29
In the past, dog rabies epizootics occurred in many parts of 
Croatia. An example is the Varaždin County in northern Croatia, 
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where ordinary annual epizootics and individual cases of rabies 
in dogs and humans were recorded in the period from 1895 to 
1999. Treatments were reported in tens of postexposure human 
cases, and the forceful implementation of prophylactic measures, 
mainly dog vaccination, and the capture and culling of stray dogs 
described.30
Wide-spread epizootics and epidemics of rabies caused by packs 
of stray dogs in the second half of the 19th century, prompted the 
state authorities to control the movements of these dogs. The first 
indication of taxes on dogs in Croatia was recorded in 1857. The 
tax on dogs and dog tagging were introduced as early as January 
1, 1867. After much discussion, two years later, on 1st January 
1869, the order was enforced and all dogs found in the street 
without a dog tag had to be caught and culled. In the collection 
of the Archaeological Museum in Zagreb there are 208 dog tags 
from various Croatian towns and some neighbouring countries.31,32 
These measures reduced the dog population, but failed to solve the 
problem. At the beginning of the 20th century legislative regula-
tions were adopted in 1906/07 with the purpose of preventing the 
risk to human health and pollution of the environment, by taking 
and delivering material for analysis for rabies to the Bacteriological 
Institute in Križevci. Examples are given describing inappropriate 
packing, and the delivery of infectious material. A law was passed 
during the time of the Kingdom of Croatia and Slavonia.33 The 
rule book on dog keeping in the territory of Savska Banovina, 
issued in 1938, is an example of how the rules governing dog cen-
sus, dog keeping, fee payment, tag wearing etc. were explained in 
detail for dog owners.34 From that time, there are more and more 
reports of animal rabies in Croatia. 
After the First World War the rabies situation in the new ‘King-
dom of Serbs, Croats and Slovenes’ was particularly disturbing 
because the dog rabies epizootic had spread extensively.6 From 
1921 to 1925, 37 persons were treated at the newly founded 
Institute Pasteur in Zagreb (36 bitten by dogs, one by a wolf ). 
At first, the Högyes dilution method and the Alivisatos ether 
vaccine were used, and from 1929 to 1979, the Hempt vaccine 
was used. Croatia has not had a case of human rabies since 1964, 
except two imported cases in 1993, both of which ended in 
death at the Clinic for Infectious Diseases in Zagreb.6
According to Kodrnja, from the Department of Microbiology of 
the Veterinary Faculty of the University of Zagreb, canine rabies 
was widespread in Yugoslavia, as well as in Croatia, between the 
two world wars. He stated that in the whole of Yugoslavia four 
new cases of rabies appeared in domestic animals per day and 
one fatal case in humans per week. He proposed a number of 
preventive measures. The main measure was the preventive vac-
cination of dogs.35,36,37
Since the dog rabies epizootic had spread extensively, the need 
for a dog vaccination arose. The first preventive dog vaccina-
tions with the phenol vaccine prepared from virus fixé started in 
1933. Over a period of three years, laboratory experiments were 
performed on 1,166 dogs, 3,381 rabbits, 145 sheep, 5 cattle, 
9 horses, 4 goats, 153 guinea pigs, 62 rats and mice, 38 cats, 
3 pigs and 6 hens. Field trials were performed in five regions: 
Jastrebarsko, Kostajnica, Donja Stubica, Samobor and Sara-
jevo. Altogether 3,958 dogs were vaccinated, and 4,550 remain 
unvaccinated in those regions. In a period of two years before 
vaccination, 79 rabid dogs were detected, and in a period of two 
years after the vaccination 24 rabies cases were detected.38 In the 
subsequent field vaccination of dogs in Slavonia in 1940, 22,192 
animals were vaccinated with the virus fixé phenol vaccine, type 
Berlin. In the period of 12 months before vaccination 240 rabid 
animals were detected. In the same period after vacciantion only 
34 rabid dogs were detected.39 Unfortunately, during the Second 
World War the vaccination campaign did not result in a signifi-
cant reduction of the dog rabies epizootic. The number of stray 
dogs, wolves and foxes increased during the war. However, after 
introduction of compulsory vaccination of dogs, the incidence 
of rabies decreased from 368 cases in animals and 14 humans in 
1946, to 3 cases in animals and none in humans in 1955. Thus, 
in 1957 the incidence of rabies was significantly reduced (Table 
1). The number of vaccinated dogs increased from 7,929 in 
1946 to 139,132 in 1957. Mostly a vaccine prepared by Hempt’s 
method was used. In 1957, the total number of dogs culled was 
20,792.40 It should be said that the data about rabies cases in 
humans presented in Table 2 are not congruent with the number 
of human cases published by Mutinelli et al.6, who reported one 
case in 1952, and none in 1954. 
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Table 1. Cases of rabies in animals and humans in Croatia from 1946 to 1957.40
Table 2. Cases of rabies in Croatia from 1958 to 1966.41
Year Horses Cattle Sheep Goats Pigs Dogs Cats Wolfs Foxes In 
total 
Humans
1946 11 24 9 - 56 235 23 3 7 368 14
1947 1 46 4 - 54 224 4 4 23 360 17
1948 4 15 12 - 21 100 15 1 19 187 7
1949 1 11 1 - 6 26 6 - 1 52 1
1950 - 5 3 - 7 30 5 1 3 54 -
1951 - 1 - - 5 27 1 1 3 38 -
1952 1 9 - 5 35 - 4 1 2 57 2
1953 2 8 1 1 5 23 7 - 2 49 -
1954 1 27 1 - 1 21 7 - - 58 1
1955 - 1 - - 2 13 3 - - 19 -
1956 - 5 - 1 - - - - 1 7 -
1957 - 1 - - - 1 1 - - 3 -
Year Horses Cattle Sheep Goats Pigs Dogs Cats Wolfs Foxes In 
total
Humans
1958 - 3 - - - 5 - - - 8 -
1959 - - - - 3 17 - - - 20 -
1960 - 2 - - 1 6 1 - - 10 -
1961 - - - - 1 17 - - - 18 1
1962 2 1 - - 1 20 1 - - 25 -
1963 - - 1 - 1 10 - - 1 13 -
1964 - - - - - 7 - - - 7 1
1965 - - - - - 1 - - - 1 -
1966 - - - - - 2 - - - 2 -
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About 90% of the dog population was vaccinated each year 
in Croatia. Mainly Hempt vaccine was used. This vaccine was 
prepared as a 10% emulsion of the brains and spinal cords of 
horses, donkeys, and sheep infected with virus fixé. The virus was 
inactivated by 1% phenol. In 1962, a field trial with a new live 
Flury LEP vaccine strain was initiated. By using this vaccine, the 
complete elimination of urban rabies was acchieved. Simultane-
ously, strict veterinary sanitary measures were applied, especially 
the extermination of stray dogs. The last two cases of urban 
rabies in dogs were detected in Croatia in 1966 (Table 2). The 
existing control measures resulted in a reduction of rabies cases 
to zero in the whole of Croatia in 1967.41,42 For the next ten 
years Croatia remained rabies-free until 1977 when an epizootic 
of sylvatic rabies in foxes occurred. 
Sylvatic rabies
Many aspects of dog-mediated, sylvatic rabies and rabies in 
humans worldwide, from a historical review, through their geo-
graphical distribution, etiology, epizootiology, pathogenesis, clin-
ical picture, pathological changes, diagnostic methods, differen-
tial diagnosis, economical impact, public health and treatment, 
to control and prophylaxis, with 497 quoted references, are de-
scribed in the monograph entitled “Rabies” published by Cvetnić 
in 1989.43 The rabies virus was only occasionally transferred from 
wildlife and domestic animals to humans. It was spread by the 
bite of an infected animal containing the virus in the saliva. In all 
cases of animal bite in an area where rabies had been confirmed 
or presumed, the wound had to be carefully washed in order to 
eliminate any potential virus from the wound. Laboratory proof 
of rabies virus in an animal bite provided indication for immedi-
ate post-exposure treatment. The human cases of rabies presented 
in Table 2 were imported from Bosnia and Herzegovina.43-48 
Recently, in 2009 a female grey wolf (Canis lupus) attacked a 
67- year old man in his backyard in Donji Žirovac in Sisačko-
Moslavačka County in Croatia. The man suffered from amputa-
tion of his left hand, nose, upper lip and a part of the maxilla. 
He was also severely bitten in his right arm and leg. The isolated 
virus was closely related to rabies viruses isolated from a dog and 
reed fox in Italy, a Slovenian isolate, and red fox isolates from the 
former Federal Republic of Yugoslavia.49
The epizootic of sylvatic rabies, which was spreading all over 
Europe, started before the beginning of the Second World War 
in the northern regions of Poland. Within the next few years 
it spread to Czechoslovakia, Austria and the USSR. In 1964 it 
spread from Germany to Denmark, and thereafter cases were 
reported in Luxemburg, Belgium and Hungary, and rabies 
emerged in France in 1968. In 1974 it was recorded in Holland 
and three years later in 22 out of 32 European countries. In those 
countries 82,000 animals died from rabies between 1972 and 
1976. In 1977 alone, rabies was detected in 13,119 wild animals, 
2,600 domestic animals and in 7 human beings.50
The first cases of sylvatic rabies were detected in Croatia in three 
foxes in 1977, in the municipalities of Koprivnica and Daruvar 
(Miokovićevo), in the central region of Croatia. The first rabid 
fox was detected in the vicinity of the village of Gola on the 
border with Hungary. Rabies spread to the east and west, and 
joined with the cases in Vojvodina and those which had spread 
from Slovenia. Two years later, in 1979, the first cases were 
detected in the municipality of Varaždin and in the suburbs of 
Zagreb. Already in 1981 the first case was detected in the region 
of Sisak. From 1977 to 1981, rabies was detected in 412 out of 
1834 tested foxes (22.46%).23 Rabies was confirmed in all mu-
nicipalities between the Rivers Sava and Drava. In 1982 rabies 
was detected in foxes in some regions south of the River Sava. It 
was believed that it had come from Slovenia to Istria and Gorski 
kotar.51-54 By the end of 1986 rabies was present in the whole 
territory of Croatia except Dubrovnik and the islands. Up to that 
time rabies had been confirmed in 3093 animals, prevalently 
in foxes. Altogether 2,875 (92.95%) rabid foxes were detected. 
However, dogs and cats were indicated as species with a great 
impact on rabies transmission to humans (Table 3).52,55,56 The red 
fox is a species very susceptible to the rabies virus. No more than 
five infective units are enough to infect a fox. On the other hand, 
the amount of virus excreted by saliva from a rabid fox is very 
high. One mililiter of the salivary gland can contain more than 
30,000 infective units.57
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Table 3. Confirmed cases of rabies in animals in Croatia from 1977 to 1986.52
Animal 
species
1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 In 
total
Fox 4 26 116 147 186 439 453 726 475 303 2875
Horse - - - - - - - 2 - - 2
Donkey - - - - - - - 4 2 - 6
Cattle - - - - - - 5 21 10 2 38
Sheep - - - - 1 1 5 15 2 - 24
Goat - - - - - - 1 3 - 2 6
Pig - - - - - - - 1 1 - 2
Dog 3 1 6 2 3 2 6 7 4 3 37
Cat - 1 - 1 - 2 9 13 5 6 37
Deer - - - - - - - - - 1 1
Roe deer - - - - - - 6 10 2 1 19
Wild 
boar
- - - - - - - 1 6 - 7
Wolf - - - - - - - 1 - - 1
Weasel - - - - - - - 2 - - 2
Jackal - - - - - - - - - 1 1
Badger - - - - - 3 2 5 5 4 19
Wildcat 1 - - - - - 1 - - 1 3
Marten - - - - - - 2 3 2 - 7
Ferret - - - - - - 2 - 1 - 3
Rabbit - - - - - - - 3 - - 3
In total 8 28 122 150 190 447 492 817 515 324 3093
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A high number of rabid cattle and sheep were diagnosed from 
1977 to 1986. Recently, clinical rabies was detected in imported 
cattle. The clinical signs shown by the diseased animals were 
characteristic of rabies.58
Over the period from 1986 to 1990 in total 12,444 animals 
were tested for rabies by the immunofluorescence method. Of 
these, 10,245 were wild animals and 1,199 domestic animals. 
More than half of all the investigations were performed on 
foxes - 7,497 (60.2%). Rabies was diagnosed in 2,006 (26.8%) 
of the tested foxes. Among other wild animals, sylvatic rabies 
was detected in martens (13), badgers (10), does (6), wild cats 
(2), and one case in a stag, jackal, wild hog, polecat, weasel and 
hedgehog. In domestic animals, rabies was diagnosed in 37 dogs, 
36 cats, 12 sheep, 8 goats, 6 bovines, 6 horses, one donkey and 
one pig. Rabies spread all over the continental part of Croatia. 
The region of Dubrovnik was still negative. From 1986 to 1992, 
rabies was diagnosed in 2,581 foxes and 46 other wild animals. 
The number of foxes tested was continuously falling, from 1,709 
in 1989 to 617 in 1992. On the contrary, the number of rabid 
foxes increased. These findings were the consequences of the 
Homeland War.59-62 In the period from 1977 to 2001 at the Cro-
atian Veterinary Institute and regional departments in Križevci, 
Vinkovci, Rijeka and Split, in total 63,244 animals were tested. 
Rabies was diagnosed in 10,626 (16.8%) animals.28,63 
The first case of a rabid dog in the wave of sylvatic rabies took 
place in Batina (Beli Manastir) in Slavonia and Baranja in 1977. 
The dog had bitten his owner. In the next three years, six rabid 
dogs, two domestic cats and one wild cat were detected. From 
1983 onwards, rabies spread over the whole region. A total of 
2007 foxes were examined, of which 602 (29.99%) had rabies. 
Two persons were bitten by rabid foxes. In relation to domestic 
animals, most cases were detected in dogs and cats.64 During the 
war, in these territories, 654 animals were examined for rabies 
from 1991 to 1995. With 251 cases, rabies was again prevalent 
in foxes. Compared to the previous period from 1981 to 1990, 
there were 67% fewer foxes examined.65 
Soon after the emergence of sylvatic rabies in 1977, 4 cases of 
dog rabies were discovered in the following communities: Beli 
Manastir, Daruvar, Vinkovci and Županja. From the first cases 
of sylvatic rabies in 1977 to the end of 2002, in total 7,296 dogs 
were tested for rabies in Croatia. Rabies was detected in 240 dogs 
(3.3%) in 70 communities from all Croatian counties, except 
Dubrovnik-Neretva county. None of them had been vaccinated 
against rabies. Most cases were diagnosed in 1999, with 42 posi-
tive findings.28,66
A thorough and detailed description of an epizootic of rabies in 
sheep was given in 2010. That year, there was a marked increase 
in positive ovine cases compared to all previous years. In total, 
seven sheep were rabid in a herd. In addition, one asymptomatic 
cat was euthanized and proved to be positive for rabies. This 
epizootic was characterized by a high number of rabid sheep, a 
prolonged clinical course, strong signals on fluorescent antibody 
tests, and very pronounced histopathological findings. These 
unusual findings for rabid sheep raised the suspicion of the pos-
sibility of a virus strain with lower pathogenicity.67
Sylvatic rabies has been described in the Varaždin County. The 
available data on its occurence stress that the spread started 
in 1979.52 Out of 1665 foxes tested from 1985 to 1995, 72 
(4.32%) were positive for rabies. In the same period, rabies was 
detected in one cat, one wild cat and one goat. The need was 
emphasized to cull foxes to lower population density, below the 
threshold necessary to maintain the disease. Culling methods, 
such as fox hunting and trapping, were proposed. A systematic 
reduction in the fox population has proven a significant factor in 
the control and eradication of sylvatic rabies. It was assumed that 
oral vaccination of foxes would help to stop the spread of the 
virus. Calculations relating to the incidence of certain species of 
wild and domestic animals, the sex and age of animals affected, 
the season of the year when the illness was most frequent, the 
ratio of ill animals to the total animal population, the geo-mor-
phological characteristics of the area, all support an enzootic, or 
an abortive form of a rabies epizootic. Critical evaluation of the 
risk of contact of humans with animals of various risk statuses, 
as well as other facts are necessary to make a decision regarding 
the possible choice of antirabic prophylaxis in persons who are 
bitten.68-71
Over thirty years, in total 57,776 red foxes were tested for the 
presence of rabies virus and rabies was confirmed in 12,855 
specimens (22.2%). After the red fox, martens are recorded as 
the second reservoir of sylvatic rabies in Croatia.28,72 Since the 
epidemiology of rabies in foxes is closely related to their biology 
and behaviour, a spatially explicit environmental and epidemio-
logical computed model was used to examine the dynamic spread 
of rabies over the Croatian territory. For that purpose, juveniles, 
fall migrations, home ranges, population density, litter size, 
yearly accession, mortality rate, hunting pressure, bite frequency 
coefficient, and the dominant course of the spread of rabies had 
to be taken into account. That model showed that rabies spread 
from east to west at a rate of about 25 km per three months, and 
about 18 km per three months from north to south. Sylvatic ra-
bies covered the entire Croatian territory in the first ten years of 
its appearance, and then was reported regularly throughout the 
Croatian territory as epizootics.73,74 In certain periods it showed 
the characteristics of an enzootic.70,73
The phylogenetic analysis and genetic characterization of Croa-
tian rabies virus isolates (RABV) were performed on 32 selected 
rabies-positive brain samples from domestic and wild animals, 
collected from 2008 to 2010. The analysis revealed the low ge-
netic diversity of RABV strains currently circulating in Croatia. 
18 isolates, mainly originating from Eastern Croatia, clustered 
with the formerly established Eastern European lineage, and 14 
were identical to the West European group. Both groups seem 
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to coincide on both sides of the River Sava. A high sequence 
identity was found in the N gene of the RABV isolates from 
neighbouring countries.75
Diagnostics of rabies
According to literature data given in a review article, the first 
clinical signs may be nonspecific, and lethargy, fever, vomiting, 
and anorexia are described. In the next few days, signs progress 
to timidity, cerebral dysfunction, ataxia, weakness, paralysis, 
seizures, difficulty swallowing, excessive salivation, abnormal 
behavior, aggression etc. The first laboratory methods were bio-
logical trials on rabbits. Soon after that, dogs, mice, rats, guinea 
pigs and chickens were used. Long-lasting biological trials were 
replaced by a histological test. In 1903, most of the histopatho-
logical signs of rabies were recognized. Adelchi Negri reported 
the identification of what he believed to be the etiological agent 
of rabies, the Negri bodies. However, the presence of Negri bod-
ies is variable and not sufficiently sensitive. Different types of 
cytological test were also used. The rabies virus was cultivated for 
the first time on a mice kidney tissue culture in 1956.76 
Today, the fluorescent antibody technique is used, as a rapid and 
sensitive method for diagnosing rabies in animals and humans. 
Pathohistological detection of Negri bodies in brain tissue has 
only historical value. Virus growth in a cell culture from saliva, 
cerebrospinal fluid or brain tissue suspension of infected animals 
is used. An objective diagnosis may be obtained by the men-
tioned, and still the gold standard method - fluorescent anti-
body technique and the reverse transcription-polymerase chain 
reaction (RT-PCR) which has been currently recommended by 
the OIE. ELISA, fluorescent antibody virus neutralization test 
(FAVN), and rapid fluorescence focus inhibition test (RFFIT) 
serve for control of immune status after vaccination of humans 
and animals.77
The virus neutralization tests are used for the quantification of 
specific neutralizing antibodies against rabies virus in serum samples. 
Serum samples for the control of the immunity of the fox popula-
tion during ORV campaigns are impossible to obtain, so substances 
such as muscle extract or thoracic liquid as samples for detection of 
rabies virus neutralizing antibodies are used for this purpose.
However, the cytotoxic effect limits the use of those substances. 
A modified fluorescent antibody virus neutralization test 
(mFAVN) was developed and evaluated for elimination of the 
cytotoxic effect. In the mFAVN test, inocula were removed after 
1h and the cytotoxic effect prevented. In the test, no instance 
of cytotoxic effect was observed in the cells, and muscle extract 
and thoracic liquid can be used.78 Except the mFAVN test, the 
BioPro ELISA was also evaluated for testing haemolytic thoracic 
liquids and muscle extracts for the same purpose. The assay was 
a reliable tool for detection of rabies specific antibodies in the 
evaluation of oral vaccination of foxes from poor quality samples, 
as a substitute for virus neutralization tests.79
Oral vaccination of foxes 
Louis Pasteur developed the first vaccine against rabies. He 
conducted his experiments using rabbits, and transmitted the 
causative agent from rabbit to rabbit by intracerebral inocula-
tions until he obtained a stable preparation. In order to attenuate 
the infective agent, he desiccated the spinal cords of infected 
animals until the preparation became almost nonvirulent. With 
the weakened carrier, he successfully vaccinated dogs against 
rabies.80 During the 1950s and 1960s a virus strain, Flury LEP, 
was used for mass vaccination of dogs. The vaccine was shown 
to be safe when inoculated intramuscularly into dogs.42 Live at-
tenuated and inactivated vaccines against rabies were used in the 
preventive vaccination of animals. Flury LEP (Low Egg Passage), 
however, occasionally caused rabies in young pups, cats and cat-
tle. It was replaced with Flury HEP (High Egg Passage), which 
was safe. Vaccines prepared from the SAD (Street Alabama Duf-
ferin) strain were also used. In addition, inactivated and subunit 
vaccines were produced. A recombinant vaccine, carrying the 
glycoprotein (G) gene, was indicated as a safe and efficacious 
vaccine. Oral vaccination of foxes was indicated as a possible tool 
for elimination of sylvatic rabies.81,82,83
Despite the implementation of preventive dog vaccination, rabies 
has become endemic in Croatia. After test campaigns conducted 
in some districts of Istarska County, Primorsko-goranska County 
and Karlovac County, the first oral immunization of foxes against 
rabies was performed in the Zagreb County and the Zagreb 
Municipality in 1998. Baits with Fuchsoral vaccine were set out 
on hunting areas and Medvednica National Reserve. The bones 
of fox carcasses were tested for tetracycline content. It was proved 
that 58.9% of foxes ate the bait. Neutralizing antibodies to rabies 
virus were detected in 46.5% of tested foxes.28 Unfortunately, 
all activities regarding oral immunization of foxes stopped until 
2011.
In the spring of 2011, Croatia started a program of oral vac-
cination of foxes in the northern part of the country, with 
the support of the EU. In the next few years the program was 
extended to the entire country. Oral rabies vaccination (ORV) 
campaigns have been conducted twice a year. The Lysvulpen 
vaccine, containing the SAD Bern strain, was used. Twenty-five 
baits were distributed per square km, with circa 80 m between 
each bait. The baits were dropped automatically using an aircraft. 
The number of positive cases rapidly decreased, and in 2013, 
only 35 positive cases were detected, of which 33 involved foxes, 
one dog, and one horse. In a short period, after only 32 months, 
rabies was eliminated. The last case was recorded in February 
2014. The results showed that a thoroughly performed oral ra-
bies vaccination program is extremely useful and efficacious (Fig 
1).7 The analysis of the efficiency of the oral vaccination cam-
paign in the territory of Croatia in the period from 2010 to 2017 
showed that, prior to the commencement of the oral vaccination 
campaign, 15.8% positive specimens were revealed from all foxes 
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tested for rabies, and after just one oral immunization campaign, 
this percentage decreased to 9% positive individuals.84 
The trend of decreasing of the number of positive animals is 
clearly visible from the graph showing the period from three 
years before the start of the ORV, until today, when we are 
recording the sixth year without a single rabid animal in Croatia 
(Figure 1).
Figure 1. Number of tested and positive animals using the fluorescent antibody tech-
nique in the National Reference Laboratory for Rabies, Croatian Veterinary Institute 
in Zagreb, from 2007 to 2020.
Lyssaviruses in bats
Bats have been identified as the most common reservoir for all 
Lyssaviruses, except Mokola and Ikoma viruses. Many geneti-
cally and antigenically distinct variants of rabies viruses have 
been detected in insectivorous bats, in vampire bats, as well as in 
herbivorous bats. They are often transmitted to domestic animals 
and humans.1 As reported by Karlović, rabies is transmitted by 
bites, saliva, milk, prenatally, and by aerosol and droplets of in-
fected bats. Infected bats demostrate characteristic symptoms and 
die, or do not show any symptoms for a long period, but become 
carriers and excrete the virus. Rabies virus in bats is most wide-
spread in Central and South America, where it is transmitted to 
cattle, horses and people by vampire bats. It was first established 
in Brazil in 1916, and the first proven case in humans transmit-
ted by an insectivorous bat was found in the USA in 1953.85,86
A review of bat transmitted rabies was undertaken on the basis of 
literature data. The case of a woman in Australia who died after 
a bat bite was reported. A virus closely related to some members 
of the Lyssavirus genus was isolated from a bat (Pteropus alecto) 
in which encephalitis had been detected.87 Some epizootiological 
characteristics of rabies transmitted by vampire bats in Brazil, 
and insectivorous bats in Europe were briefly mentioned as an 
example of the spread of the rabies virus.57
In 1985, bat rabies surveillance programs started in some western 
European countries. Low seroprevalence was recorded (1-9.1%). 
More than 1000 bat species are known, and they represent the 
second largest group of mammals on the planet. Bats exist in 
abundance in Croatia, with 35 insectivorous species from three 
families. An initial investigation of zoonotic diseases in bats was 
performed for military purposes in 1968. At that time, in total 
470 bats from Croatian caves were tested in Prague, using im-
munofluorescence on inoculated mice brains. All tested samples 
were found negative for rabies virus.88
A limited study of bat rabies in Croatia undertaken in 1986 
showed that all 30 tested bats were found negative for rabies by a 
fluorescence antibody test. The study was stopped because of the 
Homeland War. However, the Croatian Veterinary Institute, in 
cooperation with the Croatian Natural History Museum, began 
analyzing the available bat samples and testing them for rabies 
in 2008.89 This passive surveillance was poor and negligible with 
only 124 bats submitted for rabies testing from 2010 to 2017. 
Since the data on bat rabies in Croatia were scarce, in 2016 a 
national project, financed by Croatian Science Foundation, was 
launched. The objective of the project was to establish the pres-
ence of rabies virus and other zoonotic viruses in bats in Croatia. 
During the active surveillance, between 2016 and 2017, 455 bats 
were caught. Results searching the rabies virus were obtained for 
350 bats. In total, 20 serum samples showed a detectable level of 
neutralizing antibodies against European bat lyssavirus-1, using a 
modified fluorescent antibody virus neutralization assay.90,91
Rabies in wildlife will never be completely eradicated. It is 
evident that the virus is constantly present in bats, so continuing 
education and awareness about the possibility of infection from 
this protected species is necessary. And this is not only due to ra-
bies, but also due to other infections that possibly threaten from 
bats because of the expanding urbanization that promote more 
frequent contact between human and wildlife habitats.
Conclusion
Rabies elimination and control is a strategic goal and top priority 
in the EU. Over the past two centuries, many scientific and pro-
fessional papers on the incidence of rabies in domestic and wild 
animals have been published in Croatia. Due to the implementa-
tion of the fox oral vaccination program, the last case of a rabid 
fox was recorded in Croatia in 2014, and Croatia is expected to 
be officially declared free of classical terrestrial rabies by 2020. 
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